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This project compares a soy ink formulation to a petroleum ink formulation for 
their advantages and disadvantages. This was accomplished by evaluating the rejected 
samples from the flotation cell deinker. These samples were degraded aerobically and 
anaerobically to determine the rate at which degradation takes place and the ultimate 
degradation over a specific time interval. This was done by finding the biochemical 
oxygen demand (BOD). The data from these tests was put into a spreadsheet and data 
processing program to find the rate of degradation and ultimate degradation. From this, 
the two methods of degradation were compared along with the two ink formulations and 
their effect on the environment. Possibly due to the affect of curing time and fiber 
content, the comparison of soy and petroleum inks was inconclusive until further research 
can be done in these areas. 
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The issue to be addressed is the comparison of soy ink to petroleum ink with 
respect to aerobic and anaerobic degradation. This study is important for determining an 
environmentally safe alternative to petroleum ink. The petroleum inks commonly used in 
the printing industry produce emissions of volatile organic compounds (VOCs) by 
evaporation of solvents. When the VOCs interact with oxygen, nitrogen, and ultraviolet 
light, an atmospheric ozone can be formed, which is a known health hazard. A solution to 
this problem is replacing petroleum oils with vegetable oils, such as soybean oil. 
1 Studies 
thus far have primarily dealt with the performance of soy ink on newsprint and its 
characteristics when deinked. The significant difference of this study will be the use of 
sheet-fed soy ink, which can be used on other types of paper such as chemical and 
mechanical pulps. The project will analyze the rate of degradation and ultimate 
degradation of soy versus petroleum ink in aerobic and anaerobic conditions. The two 
methods of degradation will also be compared for better efficiency, if either. This should 
give industry an environmentally safe alternative to using petroleum inks for printing. 
BACKGROUND AND THEORETICAL 
Ink Technology 
In the past several years, soy oil has been used in printing ink as a replacement for 
petroleum oil. In 1990, one-third of all United States newspapers were using a soy-based 
ink. The use of soy inks for printing has spread to other papers such as heatset, offset, 
sheet-fed, and business forms. Soy inks for printing have become popular because of the 
environmental advantages proven by previous studies and theories. Some of these 
advantages are listed in Table 1. 
Table 1. Advantages of Soy Ink 2 
1. No VOCs emissions
2. More Intense Colors
3. Allows Lower Ink Usage
4. Better Resistance oflnk Rub-off
5. Quicker Clean-up
6. Improved Lithographic Performance
7. Competitive in Price
8. Reduces Reliance on Foreign Suppliers
9. Renewable Resource
Pigment and oil are the components of ink that pose the most environmental 
problems. Pigments contain heavy metals which are hazardous to the environment. Yet, 
soy formulations have half the pigment as petroleum formulations to achieve the same 
degree of color. The oil in the ink is hazardous in the VOCs emissions produced. Yet, 
soy oil has a level of VOCs forty times lower than that present in petroleum oil. 
3 
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Soy oils are expected to have higher biochemical oxygen demand (BOD) rates due 
to their chemical structure. This is partly due to the oil being a vegetable oil, which is a 
natural food source for the organisms. Further, the soy oil has a short molecular chain and 
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double bonds, which make it easy for the organisms to break down the chain and digest at 
a quicker rate. The petroleum oil has a longer chain with less double bonds, thus making 
it harder to digest, resulting in a slower degradation rate. 
Deinking Process 
Flotation deinking is a selective separation process that utilizes air to separate ink 
particles from a pulp slurry. A surfactant is added to the pulp to convert the ink particles 
from hydrophilic to hydrophobic. The flotation chemistry is a probability process between 
the ink particle and the air bubbles, consisting of collision, attachment, and removal. A 
foam layer of contaminants is formed on top of the pulp slurry in the flotation cell, which 
is skimmed off the top leaving clean pulp. The deinking process is most effective on 
particles sizes from 10-100 microns. The washing process is most effective for smaller ink 
particles. Therefore, a combination flotation deinking and washing system is most 
effective together to remove a broad size of particles. 
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Aerobic Treatment 
Aerobic digestion is a treatment process used to treat wastes from various 
treatment operations using oxygen. The total mass of solids are reduced by aerobic 
bacteria, which breakdown the volatile solids. Aside to reducing the mass, aerobic 
digestion stabilizes the waste so it is less likely to generate odors and minimizes 
bacteriological hazards. The process reduces the mass by forcing the microorganisms to 
use their own cellular mass as food under aerobic conditions. 
5 
There are certain conditions that make the treatment process aerobic. These are 
aeration, residence time, mixing, and aerobic microorganisms. The sludge is aerated over 
a specific period of time in an unheated tank to supply the organisms with enough oxygen 
to survive. The process can be done continuously or in a batch system, where the wastes 
are aerated and mixed followed by settling. 6 Some other operating parameters are pH, 
rate of oxygen utilization, tank design, and temperature. 
Anaerobic Treatment 
7 
Anaerobic treatment is another alternative for the treatment of waste, but 
without the oxygen. The anaerobic digestion stabilizes the biodegradable component of 
sludge. This reduces the odor, bacteria level, and amount of solids, leaving the sludge 
inert. This process is also economically secure because of the by-product formed. During 
the process, energy is produced in the form of methane gas. Carbon dioxide is the other 
main gas produced with the process. 
7
Anaerobic treatment is a more delicate process than aerobic treatment. Any 
drastic changes in temperature, feed solution, pH, toxic material, or withdrawal rates will 
stress the digestor and prohibit production. Therefore, a continuous system should be 
used. Biological conversion theoretically takes place in three steps. First, hydrolysis takes 
place, which transforms the high molecular mass compounds into compounds that can be 
used for energy. The second step is called acidogenesis, which involves the conversion of 
the resulting compounds into low molecular intermediate compounds. Lastly is the 
methanogenesis step which involves bacteria conversion of the intermediate compounds 
into end products. 
8
Advantages and Disadvantages of Treatment Processes 
The primary differences between aerobic treatment and anaerobic treatment is the 
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presence or absence of oxygen. The advantage of anaerobic over aerobic treatment is low 
biomass (sludge) production, very stable waste, lower nutrient requirements, no oxygen 
required, and a by-product of methane for potential energy. The disadvantages of 
anaerobic to aerobic treatment is the requirement of warm temperature, process limited by 
slow growth, and the need of a more concentrated waste stream. Conversely, the aerobic 
treatment advantages are lower BOD concentrations, production of an odorless 
biologically stable product, recovery of basic fertilizer values in sludge, easy operation, 
and lower capitol cost. The disadvantages of an aerobic digestion process are high power 
cost, poor dewatering characteristics, and the process is significantly effected by 




The experimental design includes the preliminary work along with the actual 
experiment. The aerobic and anaerobic microorganisms were obtained from Inland 
Container Corporation in Maysville, Kentucky. The paper was obtained from the Western 
Michigan University Paper Pilot Plant. The soy ink formulation and petroleum 
formulation was obtained from Flint Ink Corporation. The paper was printed with both 
inks at the Printing Pilot Plant with the assistance of Joe Curry. Once the paper was 
printed it was deinked in the flotation cell deinker, where the rejects were collected as the 
waste to be tested. A preliminary study was done to optimize the best dilution of waste 
for BOD testing and to create a basis in which to compare the other results. Once the 
correct dilution was established, the wastes were treated aerobically and anaerobically 
using BOD tests for accumulating data. The BOD testing will be done in the National 
Council Air and Stream Improvements (NCASI) laboratory. The data from these tests 
will be collected and entered into a computer program to determine the rate at which 
degradation takes place and the ultimate degradation over a specific time interval. From 
this, the two methods of degradation can be compared along with their effect on the 
environment. 
Aerobic Treatment 
For the aerobic treatment, a daily BOD test was done. This test consisted of 
adding a certain volume of waste to a special BOD bottle. The remainder was filled with 
aerated distilled water that contains nutrients and aerobic microorganisms. The initial 
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dissolved oxygen (DO) was measured and then the bottle is capped and incubated for 24 
hours. The DO is measured again to determine the amount of oxygen consumed in one 
day. This process is repeated for several days until enough data is collected to establish a 
trend. An additional aerobic study was done testing a pulp and ink slurry without 
deinking. A draw-down of ink was done on a sheet of copy paper and then allowed to 
dry in the oven at 105 degrees Celsius for approximately 2 1/2 days. The slurry was then 
tested for BOD for five days. 
Aerobic Reactor 
The aerobic reactor was put together with materials obtained in the laboratory for 
maintaining the aerobic culture for the degradation of the ink wastes. The basis is made of 
a five gallon bucket with two aerators for a plentiful supply of oxygen. A mesh screen is 
used to create a no-wake zone. This allows an area for the solids to settle and a run-off 
spout for effluent. A sketch of this reactor can be found in Appendix II. The feed supply 
is the same as for the anaerobic reactor. The daily maintenance consists of measuring the 
pH, temperature, and total suspended solids. 
Anaerobic Treatment 
For the anaerobic treatment, a mini-reactor was used to test the degradation of the 
ink wastes over a specific time interval. This consisted of using two mason jars as cores 
of the reactor, containing the anaerobic culture, the ink wastes, and the required amount 
of nutrients. The jars were then placed in hot water bath at 105 degrees Fahrenheit as an 
insulator. A diagram of the mini-reactors are in Appendix II. Samples could then be 
removed from the bottom of the jar through a tube sealed into the cap. Another tube was 
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sealed into the cap that was connected to a bag for collecting the gas produced. This 
allowed the gas to be pulled into the jar as the sample was being pulled out, thus creating 
an oxygen free environment. The samples were then tested with a 5-day BOD test. 
Anaerobic Reactor 
The anaerobic treatment system being used is an Upflow Anaerobic Sludge 
Blanket, which was obtained from a previous thesis student. The reactor is used to 
maintain the anaerobic culture for the degradation of the ink wastes. The stabilization 
basin is made up of a nine inch diameter polyvinyl chloride (PVC) pipe as the reactor core. 
The pipe is sealed on both ends with holes in the top for effluent run-off and for gas 
collection. The bottom of the pipe has 3/4 inch wood spacers, three circular coarse 
screens, and one fine mesh screen. The pipe holds approximately six gallons of anaerobic 
sludge. The pipe is enclosed by a 55 gallon drum, which is filled with water controlled at 
about 105 degrees Fahrenheit, as an insulator. For a visual representation ofthis reactor, 
tum to Appendix ill. The anaerobic reactor is fed continuously with a protein and honey 
mixture, phosphate buffer solution, magnesium sulfate solution, calcium chloride solution, 
ferric chloride solution, and a pulp and ink slurry. The daily tests consisted of pH, 
temperature, and gas production, which are in data tables in Appendix IV. 
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RESULTS 
The experiment consisted of two sections: aerobic and anaerobic. A culture of 
aerobic and anaerobic microorganisms were maintained until the experimentation was 
completed. The data for these reactors are presented in Appendix IV. The parameters for 
each had to be held constant in order to stabilize a healthy population of microorganisms. 
Any slight changes in temperature, pH, or nutrients were found to alter the growth of the 
cultures. Therefore, both reactors were monitored on a daily basis. 
Aerobic 
For the aerobic portion of the experiment, a preliminary study, and an additional 
study was completed. The preliminary study was performed at dilutions of 1.3%, 2.7%, 
and 4% ink waste. This data can be found in Table 3. The study proved that the highest 
dilution still contained enough dissolved oxygen that the dilution could be increased. 
Therefore, the in-depth study was performed at a dilution of 6%. 
The in-depth study extended over a period of fifteen days in which the daily BOD 
was found for both soy and petroleum wastes. The cumulative BOD for both wastes 
increased over time, but the soy waste had a lower day- I BOD of 44. 78 mg/L compared 
to petroleum waste at 75.39 mg/L. The reaction rate constant for the soy waste was 
lower than that of petroleum waste and the ultimate BOD was 1406 mg/L and the 
petroleum waste was only 708 mg/L. The data for the aerobic portion of the experiment 
can be found in Table 4 and the reaction rate constant and ultimate BOD can be found in 
Table 7. 
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The data for the additional study is presented in Table 5 in Appendix V. The 
study was conducted for five days displaying the cumulative BOD to increase over time 
with the soy waste having a higher BOD of 81. 94 mg/L at day-I and a ultimate BOD of 
306 mg/L. The petroleum waste had a BOD of 42.44 mg/L at day-I and an ultimate BOD 
of 1031 mg/L. The reaction rates for these wastes were .32 for soy and .05 for petroleum. 
Anaerobic 
The anaerobic data is in Table 6 in Appendix V. This data revealed a lower 
reaction rate constant for soy than for petroleum wastes and the ultimate BOD for both 
wastes were approximately the same. For day-I the soy waste had a BOD of 65.28 mg/L 
compared to petroleum waste with 74.72 mg/L after one day. 
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DISCUSSION OF RESULTS 
The BOD is an empirical test which laboratory procedures are used to determine 
the relative oxygen requirements of wastewater. The test measures the oxygen consumed 
during a specific incubation period for the biochemical degradation of organic material 
( carbonaceous demand) and the oxygen used to oxidize reduced forms of nitrogen 
(nitrogenous demand).9 
The graphical representations are presented in Appendix VI. For Graph 1, the 
preliminary study displays the difference in BOD for two days. Three dilutions were used 
for both wastes with the BOD being the lowest for the highest amount of waste present. 
This is due to the microorganisms not having enough nutrients to start with because there 
is more waste taking up the space. The bottles with soy waste were lower in BOD than 
any of the dilutions with petroleum waste. The first day of incubation had the most 
dissolved oxygen consumed because the microorganisms have the full amount of nutrients 
to keep them healthy to biodegrade the waste. Thus, the bottle with the dilution of 4% 
waste, consumed the most oxygen having the greatest amount of degradation take place. 
The dissolved oxygen consumed for the petroleum waste was only 3. 44 mg/L from a 
starting oxygen level of 8.39 mg/L, which means there was still enough oxygen remaining 
to increase the amount of waste. Therefore, the preliminary study concluded that the 
further experimental work would be at a dilution of 6%. 
For the aerobic study, Graph 2 represents the trends present between soy and 
petroleum waste. The cumulative BOD was plotted against time for a BOD curve 
comparing the two wastes. The soy waste has a lower BOD than that of the petroleum 
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initially, but because the reaction rate constant was slower, the ultimate BOD was higher. 
This is a negative result because in actual practices the wastewater would be treated for a 
certain amount of time before being released into a river. The waste with the faster 
reaction rate and lower ultimate BOD will have less waste remaining, which will be more 
environmentally friendly to the river. 
On the other hand, when the additional study was completed, which was pulp and 
ink only, the opposite reactions occurred. The soy and pulp waste had a higher initial 
BOD with a faster reaction rate giving a lower ultimate BOD. This could be due to the 
effect of curing or the effect of the quantity of fibers in the waste. For the original study, 
the paper was printed and allowed to air dry, then deinked the next day. The additional 
study was allowed to dry in an oven for 2 1/2 hours at 105 degrees Celsius. Once dry, the 
pulp and ink were made into a slurry and tested without being deinked resulting in a higher 
pulp content, which could account for some of the differences. 
For the anaerobic treatment, the 5-day BOD results were plotted accumulatively 
against time in Graph 6. The BOD values increase over the indicated time interval as with 
the previous results. The soy had a lower reaction rate than petroleum waste under 
anaerobic conditions. The ultimate BOD for both wastes was about the same. The 
reaction rates for the anaerobic treatment wastes were higher than the reaction rates for 
the aerobic treatment wastes. The ultimate BOD's were lower for the anaerobic than the 
aerobic wastes. These results indicate that anaerobic treatment can be used to sufficiently 
biodegrade the wastes. There may be reasonable error in the data due to a faulty probe on 
the DO meter. 
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CONCLUSIONS 
For the comparison of soy to petroleum ink treated aerobically and anaerobically, 
the results are contradicting, which leads to the possibility of some unforeseen factors. 
These factors that could have affected the results are the amount of curing time and the 
fiber content in the waste. Another possibility could be the difference in the drying 
processes of the two inks. For the soy ink, a crosslinking occurs when dried, but for 
petroleum ink this does not happen because it is a semi-drying ink. Comparing the two 
types of treatment, aerobic and anaerobic, the anaerobic microorganisms were exceedingly 
temperamental. The slightest variation in temperature, pH, or quantity of feed solution 
altered the health of the culture of microorganisms. Due to these factors, further study 




For further consideration of soy-based inks as an alternative to petroleum-based 
inks the following suggestions can be made. A study to determine if curing has a major 
contribution to the way biodegradation takes place would be an interesting project. The 
factors to identify could be air drying compared to oven drying and the amount of drying 
for each. Another study could be done to find the effect of the quantity and quality of 
fibers present in the waste and how effectively they can be biodegraded. Hopefully these 
issues will be investigated in the future and a conclusion made as to soy-based inks being a 
safe alternative to be used in the industry. 
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APPENDIX I 
Diagram of Aerobic Reactor 
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Aerobic Reactor 


















































Data for Daily Maintenance of Both Reactors 
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Table 2. Daily Maintenence of Reactors 
Aerobic Anaerobic 
Celsius Fahrenheit 
Date DH T emoerature Solids DH T emoerature Gas Production 
10/11195 6.8 105 
10/16 106 
10/17 7.9 21 0.20 6.1 106 
10/18 8.1 21 0.17 6.6 100 1/4 baa 
10/19 7.8 22 0.12 7.4 98 
10/20 8.1 22 0.29 6.6 105 
10/23 8.3 21 0.32 6.5 100 
10/24 7.9 21 0.21 6.6 106 
10/25 8.0 21 0.53 6.8 98 
10/26 8.0 21 0.48 6.7 104 1/2 baa 
10/27 23 100 1/4 baa 
10/30 8.4 22 6.8 104 
10/31 8.2 22.5 6.8 108 1/4 baa 
11/01 8.2 21 6.7 100 
11/02 8.1 22 0.78 6.1 103 
11/03 22 107 
11/06 8.3 22 7.2 107 3/4 baa 
11/07 8.2 22 0.72 5.6 104 full baa 
11/08 8.3 22 6.8 102 1/2 baa 
11/09 8.3 22 6.8 103 full baa 
11/13 8.5 22 6.9 98 2full baas 
11/14 8.4 22 1.63 7.0 106 full baa 
11/15 8.6 22 7.0 104 
11/16 8.6 22 0.98 6.9 106 1/4 baa 
11/17 8.7 21 7.0 100 1/2 baa 
11/20 8.8 22 6.9 104 3/4 baa 
11/21 8.7 22 7.0 102 full ban 
11/27 8.8 22 6.9 98 1/4 bag 
11/28 8.7 22 6.8 101 1/2 baa 
11/30 8.7 21 6.7 104 1/4 baa 
12/01 8.7 21 6.9 102 1/4 baa 
12/04 8.7 20 6.7 105 1/4 baa 
12/05 8.7 20 6.6 101 1/4 bag 
12/06 8.7 21 6.5 102 1/4 baa 
12/07 8.7 20 6.5 100 1/4 bag 
12/08 8.6 21 6.5 100 1/4 baa 
12/11 8.4 20 6.6 100 1/4 baa 
12/12 8.6 19 6.8 104 1/4 bag 
12/13 8.6 20 6.6 102 1/4 baa 
01/04/96 8.2 21 low 6.5 100 
01/05 8.2 19 low 6.6 99 
01/08 8.2 17 low 6.7 97 
01/09 8.1 19 low 6.6 99 
01/10 8.1 18 low 6.6 100 
01/11 8.1 18 low 6.6 99 
01/12 8.0 19 low 6.6 100 
01/16 8.0 18 low 6.5 97 
01/18 8.0 19 low 6.6 100 
01/19 7.9 18 low 6.3 99 
01/22 8.0 19 low 6.6 97 
01/23 7.9 19 6.3 108 1/4 baa 
01/24 8.0 18 6.5 108 1/4 baa 
01/25 8.0 18 6.4 108 1/4 baa 
01/26 8.0 19 6.6 108 1/4 baa 
01/30 8.0 16 6.7 108 1/4 ban 
01/31 8.0 17 6.6 100 
02/01 8.0 20 6.5 109 
02/05 8.0 20 6.6 106 
02/06 7.8 20 6.5 104 
02/07 7.9 20 6.6 108 1/4 baa 





Table 3. Preliminary Study 
Contents Dav0 Ava D.O. Dav 1 Ava D.O. Difference BOD Start D.O. Dav2 Ava D.O. Difference BOD 
soy P=.013 8.35 8.35 7.51 7.47 0.88 61.69 8.58 7.80 7.79 0.80 61.15 
soy P=.013 8.35 7.50 7.n
SOY P=.013 8.36 7.41 
soy P=.027 8.11 8.10 6.63 6.64 1.47 54.32 8.68 7.58 7.64 1.04 38.52 
soy P=.027 8.09 6.65 7.70 
SOY P=.027 8.11 6.63 
soy P=.040 8.13 8.12 6.20 6.21 1.91 47.75 8.48 7.39 7.40 1.08 27.00 
soy P=.040 8.12 6.23 
sov P=.040 8.10 6.19 7.41 
petroleum P=.013 8.15 8.14 6.72 6.73 1.41 108.46 8.15 6.88 1.27 97.69 
petroleum P=.013 8.13 6.74 6.85 
petroleum P=.013 8.14 6.73 6.91 
petroleum P=.027 8.12 8.11 5.79 5.79 2.32 85.93 8.09 6.03 6.05 2.04 75.56 
petroleum P=.027 8.12 5.80 6.07 
petroleum P=.027 8.10 5.79 
petroleum P=.040 8.40 8.39 4.93 4.96 3.44 85.92 8.10 5.35 2.75 68.75 
petroleum P=.040 8.39 4.96 5.31 
petroleum P=.040 8.39 4.98 5.39 
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Table 4. Aerobic Portion of Experiment 
Data from daily measurements of dissolved oxygen. 
Seed Solution P=1 
Final Final Final Final Final Final Average Starting Difference Cumulative 
Dav Date D.O. D.O. D.O. D.O. D.O. D.O. D.O. D.O. (Start-Aval BOD BOD 
0 1/23/96 8.29 8.26 8.28 8.27 8.28 8.32 8.28 8.28 
1 1/24/96 7.1 6.69 7.02 7.11 7.1 6.73 6.96 8.08 1.32 1.32 1.32 
2 1/25/96 7.55 7.48 7.54 7.54 7.51 7.52 8.47 0.56 0.56 1.88 
3 1/26/96 7.94 7.89 7.89 7.92 7.81 7.89 8.3 0.58 0.58 2.46 
6 1/29/96 7.56 7.53 7.6 7.5 7.45 7.53 8.27 0.77 0.77 3.23 
7 1/30/96 8.13 8.08 8.01 8.1 8.08 8.08 8.08 0.19 0.19 3.42 
8 1/31/96 8 8.02 7.82 7.98 7.95 7.95 7.95 0.13 0.13 3.54 
9 2/1/96 7.91 7.93 7.55 7.91 7.84 7.83 8.33 0.12 0.12 3.67 
13 2/5/96 7.71 7.8 7.67 7.78 7.72 7.74 8.36 0.59 0.59 4.26 
14 2/6/96 8.01 7.9 7.96 7.92 7.94 7.95 7.95 0.41 0.41 4.67 
15 2/7/96 7.25 6.54 7.52 6.89 6.74 6.99 0.96 0.96 5.64 
Glucose-Glutamic Acid P=.02 
Da Date D.O. D.O. D.O.
6 1/29/96 2.11 2.15 1.84 
S W  tP 06 ov as e = 
Final Final Final Final Final Final Average Starting Difference Cumulative 
Dav Date D.O. D.O. D.O. D.O. D.O. D.O. D.O. D.O. (Start-Ava) BOD BOD 
0 1/23/96 8.42 8.35 8.35 8.34 8.33 8.32 8.35 8.35 
1 1/24/96 4.39 4.38 4.28 4.32 4.34 4.34 4.34 7.9 4.01 44.78 44.78 
2 1/25/96 6.26 6.24 6.2 6.17 6.25 6.22 8.69 1.68 18.67 63.45 
3 1/26/96 6.57 6.61 6.54 6.61 6.61 6.59 8.27 2.10 25.37 88.81 
6 1/29/96 1.36 0.91 0.85 0.9 0.93 0.99 8.51 7.28 108.5 197.28 
7 1/30/96 5.37 5.47 5.35 5.31 5.46 5.39 8.32 3.12 48.8 246.08 
8 1/31/96 6.23 6.2 6.26 6.26 6.13 6.22 8.83 2.10 32.97 279.05 
9 2/1/96 6.81 6.79 6.8 6.78 6.65 6.77 8.62 2.06 32.37 311.41 
13 2/5/96 2.09 2.23 2.21 2.14 2.1 2.15 7.44 6.47 97.87 409.28 
14 2/6/96 5.43 5.5 5.28 5.51 5.46 5.44 8.2 2.00 26.5 435.78 
15 217/96 5.92 5.93 5.8 6 5.38 5.81 2.39 23.87 459.65 
Petroleum Waste P=.06 
Final Final Final Final Final Final Average Starting Difference Cumulative 
Dav Date D.O. D.O. D.O. D.O. D.O. D.O. D.O. D.O. (Start-Ava) BOD BOD 
0 1/23/96 8.29 8.3 8.29 8.27 8.25 8.28 8.28 8.28 
1 1/24/96 2.35 2.55 2.66 2.53 2.13 2.39 2.44 8.25 5.84 75.39 75.39 
2 1/25/96 4.32 4.5 4.38 4.3 4.37 4.37 8.21 3.88 55.33 130.72 
3 1/26/96 5.65 6.29 4.56 5.73 4.98 5.44 7.92 2.77 36.47 167.19 
6 1/29/96 1.07 1.19 1.04 0.95 1.07 1.06 8.08 6.86 101.4 268.59 
7 1/30/96 5.56 4.98 5.27 4.7 5.58 5.22 8.33 2.86 44.53 313.12 
8 1/31/96 6.06 6.19 6.26 6.19 6.18 6.18 8.57 2.15 33.8 346.92 
9 2/1/96 6.26 6.53 6.43 6.49 6.38 6.42 8.81 2.15 33.83 380.76 
13 2/5/96 2.56 2.13 2.36 2.5 2 2.31 7.09 6.50 98.43 479.19 
14 2/6/96 5.34 5.14 5.46 4.57 5.71 5.24 8.46 1.85 23.87 503.06 
15 217/96 6.26 6.3 6.51 6.48 6.39 2.07 18.51 521.56 
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Table 5. Additional Study 
Seed Solution P=1 
Final Final Final Average Starting Difference 
Da Date D.O. D.O. D.O. D.O. D.O. Start-Av 
0 3/24/96 7.80 7.83 7.60 7.74 7.74
1 3/25/96 7.98 7.99 7.97 7.98 7.98 -0.24
2 3/26/96 8.19 8.15 8.12 8.15 8.15 -0.17
3 3/27/96 8.13 8.10 8.12 8.12 0.04
4 3/28/96 7.83 7.86 7.85 7.85 0.27
5 3/29/96 7.94 7.94 7.94 7.94 -0.09
So Waste P=.05 
Final Final Final Average Starting Difference Cumulative 
Da Date D.O. D.O. D.O. D.O. D.O. Start-Av BOD BOD 
0 3/24/96 7.54 7.61 7.64 7.60 7.60 0.00 0.00 0.00 
1 3/25/96 3.40 3.71 3.50 3.54 8.04 4.06 85.93 85.93 
2 3/26/96 4.50 4.55 4.53 8.86 3.51 73.77 159.70 
3 3/27/96 5.78 5.71 5.75 8.44 3.11 61.53 221.23 
4 3/28/96 6.31 6.39 6.35 8.62 2.09 36.40 257.63 
5 3/29/96 7.27 7.25 7.26 1.36 29.10 286.73 
So Waste P=.06 
Final Final Final Average Starting Difference Cumulative 
Da Date 0.0. D.O. D.O. D.O. D.O. Start-Av BOD BOD 
0 3/24/96 7.56 7.55 7.57 7.56 7.56 0.00 0.00 0.00 
1 3/25/96 2.92 3.04 2.68 2.88 8.23 4.68 81.94 81.94 
2 3/26/96 4.64 4.55 4.60 8.78 3.64 63.47 145.42 
3 3/27/96 6.01 5.99 6.00 8.74 2.78 45.69 191.11 
4 3/28/96 6.84 6.78 6.81 8.49 1.93 27.67 218.78 
5 3/29/96 7.08 6.99 7.04 1.46 25.83 244.61 
Petroleum Waste P=.05 
Final Final Final Average Starting Difference Cumulative 
Da Date D.O. D.O. D.O. D.O. D.O. Start-Av BOD BOD 
0 3/24/96 7.45 7.49 7.55 7.50 7.50 0.00 0.00 0.00 
1 3/25/96 5.39 5.29 5.34 5.34 8.25 2.16 47.87 47.87 
2 3/26/96 4.86 4.91 4.89 8.76 3.37 70.77 118.63 
3 3/27/96 5.76 5.55 5.66 8.58 3.11 61.33 179.97 
4 3/28/96 5.31 5.32 5.32 8.32 3.27 59.90 239.87 
5 3/29/96 5.59 5.54 5.57 2.76 57.00 296.87 
Petroleum Waste P=.06 
Final Final Final Average Starting Difference Cumulative 
Da Date D.O. D.O. D.O. D.O. D.O. Start-Av BOD BOD 
0 3/24/96 7.56 7.50 7.57 7.54 7.54 0.00 0.00 0.00 
1 3/25/96 5.19 5.29 5.22 5.23 8.17 2.31 42.44 42.44 
2 3/26/96 4.27 4.27 4.27 8.84 3.90 67.89 110.33 
3 3/27/96 5.82 5.93 5.88 8.94 2.97 48.78 159.11 
4 3/28/96 6.01 6.03 6.02 8.65 2.92 44.17 203.28 
5 3/29/96 6.32 6.38 6.35 2.30 39.92 243.19 
Glucose-Glutamic Acid P=.02 
IDa� Date 0.0. D.O. Averaae Difference BOD 
0 3/24/96 7.61 7.64 7.63 
5 3/29/96 4.11 4.16 4.14 3.49 179.25 
standard =(167.5-228.5) 
31 
Table 6. Anaerobic Portion of Experiment 
Data from daily measurements of dissolved oxygen. 
Seed Solution P=1 
Initial Initial Average Final Final Average Difference 
Dav Date 0.0. 0.0. Initial 0.0. 0.0. Final (initial-final) 
0 2/12/96 7.80 7.70 7.75 6.70 7.10 6.90 0.85 
1 2/13/96 7.80 7.70 7.75 6.70 7.10 6.90 0.85 
2 2/14/96 8.00 7.40 7.70 8.20 8.40 8.30 -0.60
6 2/18196 6.60 6.50 6.55 6.80 6.80 6.80 -0.25 
10 2/22/96 7.40 7.40 7.40 7.80 8.00 7.90 -0.50 
23 3/6/96 8.53 8.53 8.53 7.20 7.19 7.20 1.33
Sov Waste P=.06 
Initial Initial Initial Average Final Final Final Average Difference Cumulative 
Dav Date 0.0. 0.0. 0.0. Initial 0.0. 0.0. 0.0. Final /initial-final) BOD BOD 
0 2/12/96 6.00 5.70 5.80 5.83 2.00 0.TO 0.50 1.0/ 4.77 65.28 65.28 
1 2/13/96 6.70 6.80 6.00 6.50 2.80 3.90 3.20 3.30 3.20 39.17 104.44 
2 2/14/96 7.20 7.10 6.80 7.03 3.90 3.60 3.30 3.60 3.43 67.22 171.67 
6 2/18196 6.00 6.10 6.20 6.10 0.20 0.20 0.20 0.20 5.90 102.50 274.17 
10 2/22/96 7.30 7.10 7.10 7.17 0.30 0.20 0.20 0.23 6.93 123.89 398.06 
23 3/6196 8.26 8.26 8.25 8.26 3.19 3.28 2.91 3.13 5.13 63.25 461.31 
Petroleum Waste P= 06 
Initial Initial Initial Average Final Final Final Average umerence Cumulative 
Dav Dale 0.0. 0.0. 0.0. Initial 0.0. 0.0. 0.0. Final /initial-final) BOD BOO 
0 2/12/96 6.20 6.20 6.00 6.13 1.10 0.80 0.50 0.80 5.33 74.72 74.72 
1 2/13/96 6.70 7.00 6.90 6.87 3.70 3.30 3.20 3.40 3.47 43.61 118.33 
2 2/14/96 7.00 7.20 7.20 7.13 1.90 1.90 2.20 2.00 5.13 95.56 213.89 
6 2/18196 6.20 6.10 6.10 6.13 0.30 0.30 0.20 0.27 5.87 101.94 315.83 
10 2/22/96 7.00 6.90 6.80 6.90 0.10 0.10 0.10 0.10 6.80 121.67 437.50 
23 3/6196 8.27 8.27 8.25 8.26 3.67 3.36 3.75 3.59 4.67 55.58 493.08 
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Table 7. Summary of Results 
Results from BODCGA program for determining the reaction rate constant and the ultimate BOD. 
Waste Concentration Reaction Rate Constant (K) Ultimate BOD (L) 
Deinked Soy Waste 6% 0.0266 1406 
Deinked Petroleum Waste 6% 0.0879 708 
Edited Deinked Soy* 6% 0.0332 1175 
Edited Deinked Petroleum* 6% 0.0700 804 
Soy and Pulp Waste 5% 0.2586 399 
Petroleum Pulo Waste 5% 
Soy and Pulp Waste 6% 0.3206 306 
Petroleum Pulo Waste 6% 0.0545 1031 
Anaerobic Soy Waste 6% 0.1870 462 
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